A new functional Corynebacterium glutamicum insertion sequence (IS) element, IS13655, was isolated using a suicide vector. The IS element was 1,293 bp in size and contained 26-bp imperfect inverted repeats (IRs) and 3-bp target site duplication as direct repeats (DRs). IS13655 harbored two ORFs with high similarity to the transposase of IS1206, an IS3 family element. IS-13655 revealed relatively high transposition efficiency, with low target site selectivity along the Corynebacterium glutamicum R genome, making it a potentially useful genetic engineering tool.
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Corynebacterium glutamicum is a Gram-positive bacterium of high GC content that has been widely used in industrial amino acid production. [1] [2] [3] [4] As global amino acid demand increases therefore, so does the role C. glutamicum play in industrial microbiology. 5) In recent years, two C. glutamicum strain genomes, R and ATCC13032 have been sequenced. [6] [7] [8] In the postgenomic era, these sequence data will be used to engineer higher productivity strains efficiently. At present, however, the functions of many genes of C. glutamicum remain to be elucidated.
Insertion sequence (IS) elements comprise a type of transposable element characterized by the presence of only the transposase ORF and terminal inverted-repeat (IR) sequences. IS elements have been identified in almost all the bacteria whose genomes have been sequenced. They silence existing genes or create new genes wherever they transpose on the genome. The transposition mechanism of IS elements is a simple system requiring only the transposase protein and the terminal IR sequences. A unique characteristic of transposition events is that they duplicate a specific sequence, called direct repeats (DRs), at the target site upon insertion. IS elements are classified into several families based on the homology of their transposase sequences, IRs, and the length of DRs. 9) Although some transposable elements, such as Tn7, have preferred attTn7-hotspot sequences at their transposition sites, 10) there are useful IS elements, such as Tn5 or IS31831, with random transposition characteristics, which have found wide application as tools for global mutagenesis of bacterial genomes. [11] [12] [13] In C. glutamicum, some functional transposable elements have been identified, including IS31831, IS1206, IS1207, Tn14751, and IS14999. [14] [15] [16] [17] [18] In this study, we isolated and characterized a new functional IS3 family element, IS13655, from the C. glutamicum ATCC13655 strain. The transposon vectors of this IS element was constructed, and then the transposition efficiency and transposition sites were determined. Analysis of Tn-13655 transposition mutants revealed that Tn13655 transposed essentially randomly into the C. glutamicum R genome. This new IS element should provide another useful tool for genetic and genomic engineering in C. glutamicum and related species.
Materials and Methods
Bacterial strains, plasmids, and culture conditions. The bacterial strains, plasmids, and primers used in this study are listed in Table 1 . C. glutamicum strains were grown in minimal medium containing 10% (w/v) sucrose or A medium at 33 C with aeration. The minimal medium contained 2 g l À1 urea, 7 g l minimal medium. Glucose or sucrose (40 g l À1 ) was used as the sole carbon source. E. coli strains were grown in Luria-Bertani (LB) medium at 37 C with aeration. When necessary, spectinomycin was added to a final concentration of 200 mg ml À1 , and kanamycin to 50 mg ml À1 . Chloramphenicol was used at 50 mg ml À1 in E. coli strains, and at 5 mg ml À1 in C. glutamicum strains.
DNA manipulations. E. coli plasmid DNA was extracted using QIAprep Ò spin Miniprep Kit (Qiagen, Hilden, Germany) according to the manufacture's instructions. PCR reactions were performed using TAKARA LA TaqÔ DNA polymerase (Takara, Kyoto, Japan) in GeneAmp PCR System 9700 (Applied Biosystems, CA). PCR products were recovered using QIAquick Ò Gel Extraction Kit (Qiagen, Hilden, Germany) after electrophoresis in 1% agarose gel.
Detection of transposition. Successful transposition was detected by disruption of the sacB gene of plasmid pMV5-harboring colonies that grew on minimal medium containing 10% sucrose and spectinomycin. Colonies that arose from these plates were transferred to liquid minimal sucrose medium, plasmid DNA was extracted and used to transform E. coli, and finally the plasmid DNA from E. coli was extracted again. Restriction analysis of extracted plasmid DNA using SmaI and XbaI revealed that the sacB-containing fragment was altered when an IS element was transposed into the sacB gene.
Construction of transposon vectors.
To construct Tn13655 vector, IS13655 was amplified by PCR using primers 13655FE and 13655RE with plasmid pCRB500 as template. The PCR fragment was digested with EcoRI and ligated with pHSG398, which cannot replicate in C. glutamicum. The whole plasmid was amplified by inverse-PCR using primers 13655IVF and 13655IVR. The resulting PCR fragment was digested with BglII and ligated with a kanamycin resistance cassette, and finally amplified with PCR using primers KmF and KmR from template pUC4K DNA to yield plasmid pCRB504.
Transformation of C. glutamicum. The transformation was performed as described previously. 18) All plasmid DNA used in the transformation of C. glutamicum was extracted from E. coli JM110 (dam À dcm À ). One microgram of unmethylated plasmid was used to transform C. glutamicum cells using a GenePulser II (BioRad, CA), as previously described. 20) One milliliter of medium A was added to electroporated cells, and the mixture was incubated for 2 h at 33
C. An appropriate volume of culture was plated on medium A containing the appropriate antibiotic to select for transformants.
DNA sequencing and sequence analysis. Nucleotide 21) Based on the amino acid sequence of transposase, a phylogenetic tree was generated using TreeView version 1.6.0. 22) Southern hybridization. The basic strategy for southern hybridization was described previously. 18) A probe was prepared with PCR using 13655FP and 13655RP. Genomic DNA was extracted and digested with EcoRI, which does not cut within IS13655. Denatured genomic DNA was then used for the consequent hybridization. The tree was constructed by the neighbor-joining method 25) based on amino acid sequences of the transposases. The numbers indicate bootstrap values for 1,000 replicates. The scale bar equals a distance of 0.1. The information on IS elements used to draw this tree is shown in Table 2 .
Determination of insertion sites of Tn13655. Determination of insertion sites was performed as previously described.
13) Genomic DNA of transformants was amplified with a GenomiPhi DNA Amplification Kit (Amersham Biosciences, CA). The flanking region of the transposon was amplified by the tail PCR method with Tail1-Km and Tail2-Km as primers. Primer KmSF was used for the subsequent sequencing.
Results and Discussion
Isolation of a new IS element from C. glutamicum Plasmid pMV5 containing the sacB gene was used to isolate IS elements, as described previously. 14, 17, 18) C. glutamicum and several other Gram-positive bacteria show sucrose sensitivity in the presence of the sacB gene product due to a mycolic acid layer in their cell envelopes. 23, 24) C. glutamicum cells harboring plasmid pMV5 were grown overnight in medium A containing glucose. The overnight culture was plated on minimal medium containing sucrose as the sole carbon source. Only cells containing the transposed IS element upon disruption of the sacB gene grew on the medium. After screening of C. glutamicum ATCC strains, one plasmid, pCRB500, was obtained from C. glutamicum ATCC-13655. The transposed fragment was inserted between position 698 and position 700 in the ORF of the sacB gene, in the process duplicating the 5 0 -ATG-3 0 threenucleotides. The inserted DNA fragment of plasmid pCRB500 was sequenced. It was 1,293-bp long and had 26-bp-long imperfect IRs at either end. It contained two consecutive and one nucleotide overlapping open reading frames (ORFs), with the downstream ORF (orfB) at phase À1 relative to the upstream ORF (orfA). The length of orfA from its origin (ATG) at position 70 through its end at position 360 comprised 291 nucleotides, encoding 97 amino acids. That of orfB from its origin (GTG) at position 360 through its end at position 1,253 comprised 894 nucleotides that encoded 298 amino acids. The deduced amino acid sequence of the orfB was 90% similar to that of the transposase sequence of IS1206, an IS3 family member of C. glutamicum.
15)
These results clearly indicate that the inserted fragment was an IS element. This new element was named IS13655 (Fig. 1) . Phylogenetic analysis of Corynebacterium IS elements based on the transposase gene revealed that IS13655 belongs to the IS3 family (Fig. 2, Table 2 ).
Characterization of IS13655
Three IS3-family elements that were previously identified in Corynebacterium species include IS1206 of C. glutamicum and IS3501 and IS3502 of C. jeikeium. The homology of transposase genes between the newly isolated IS13655 and the three IS elements was 90%, 30% and 65% respectively. The inverted repeat (L-IR and R-IR) sequences of the four IS3-family elements of Corynebacterium species revealed good sequence conservation among IS3502, IS1206, and IS13655, even though the homology of transposases between IS3501 and IS13655 was notably lower than that between IS1206 and IS13655 (Fig. 3) . In spite of the high homology of transposase between IS13655 and IS1206, the L-IRs of the two IS elements showed a 5-nucleotide difference, while the R-IRs were identical. Many IS3 family elements, including IS1206, IS3501, and IS3502, have dual orfs, like IS13655. In the other IS3 family element, IS911 in Shigella dysenteriae, the functional transposase is a fusion protein, OrfAB, generated by programmed ribosomal frame-shifting between the two orf genes. 26) This type of fusion transposase protein has also been observed in an IS1- family element, IS1, which has a 1-base insertional mutation of adenine in the AAAAAAC-frameshifting signal, resulting in 50 times higher transposition efficiency than the native sequence. 27) Hence we concluded that IS13655 might also form a frame-shifted transposase protein, and we constructed a one-base insertion of adenine into the AAAAAC putative frameshift signal at 231 bp from the start codon and two AAAG sequences at 273 bp and 324 bp from the start codon. However, transposition efficiency of the mutant transposon did not change as compared to the native transposon vector. It is unclear whether a frameshift event is required for IS13655 to be functional.
Transposition analysis of Tn13655
To assess whether the new IS element can be used as a tool in genetic engineering, its transposon vectors were constructed (plasmid pCRB504) and used to mutate the C. glutamicum R genome (Fig. 4A) . The transposition efficiency of the transposons was as high as 7:9 Â 10 3 (cfu per mg DNA), calculated from the number of surviving colonies with kanamycin resistance on the average of four experiments. The transposition sites of a total of 87 mutants were determined ( Table 3 ). The results showed that Tn13655 transposition sites were dispersed throughout the genome, indicating that there is no obvious transposition hotspot (Fig. 4B) . Among the 87 mutants, Tn13655 in 48 mutants transposed in a clockwise direction from oriC to terC, showing no particular bias as to transposition direction. This Tn13655 transposition analysis showed that Tn13655 transposed into C. glutamicum R genome essentially in a random fashion. There was no transposable element with perfectly random transposition, however, because every transposase needs a certain length of nucleotide sequence to insert itself into the genome. Therefore, transposable elements with highly efficient and essentially random transposition, such as IS13655, are essential for complete global mutagenesis and/or other genetic engineering techniques.
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